Introduction {#sec1}
============

Electrotherapy complications, although thoroughly neglected by history, have accompanied the implantation of cardiac pacing systems since the very beginning of this type of surgery. The cardiac pacemaker, first implanted by Ake Senning in Stockholm in 1958, worked for only a few hours because of the operator's failure to stimulate the pacemaker \[[@cit0001]\]. The first pacemaker implanted in Poland, in Gdansk in 1963, stopped functioning after a few months due to spontaneous damage to the device casing and its destruction by tissue fluids \[[@cit0002]\]. Although malfunctions of the electronic systems of the device are rare today, the number of complications associated with the presence of the leads is constantly increasing \[[@cit0003], [@cit0004]\].

Classification of electrotherapy complications {#sec2}
==============================================

The lack of a uniform classification of complications and heterogeneous terminology contribute to the problem of establishing a treatment regimen in patients with complications associated with PM/ICD/CRT implantation. The most clinically relevant view seems to be the one proposed by Kutarski (unpublished) presented in [Table I](#t0001){ref-type="table"}. The classification was made taking into account the etiology of complications and their clinical relevance.

###### 

Classification of complications

  ------------------------------------------------------------------------------------- ---------------------------------------------------
  **Early complications**                                                               Dislodgement of the lead
  Improper location of the lead (left atrium, left ventricle, aorta, pulmonary trunk)   
  Early perforation                                                                     
  Pocket hematoma                                                                       
  Pneumothorax (and pleural hematoma)                                                   
  Venous thrombosis                                                                     
  Early dysfunction of the lead                                                         
  Early postoperative infection (local and sepsis)                                      
  **Late complications**                                                                Decubitus of the pocket and threatening decubitus
  Chronic infection of the pocket unit                                                  
  Lead-related infective endocarditis (all forms of generalized infection)              
  Late lead dysfunction (without exit and entry block)                                  
  Late perforation                                                                      
  Late recognized old lead dislocation                                                  
  Lead breaking and lead migration                                                      
  Late recognized improper lead location                                                
  Lead-related venous occlusion                                                         
  Lead-related tricuspid valve dysfunction                                              
  ------------------------------------------------------------------------------------- ---------------------------------------------------

The criterion of time {#sec3}
=====================

The generally accepted classification, taking into account the criterion of time, divides the complications into early and late. The problem is the lack of consistency in the time that would be the dividing line. In the literature, the limit for early complications is 1 month after the procedure \[[@cit0003]\] but also 1 year as in the case of infectious complications associated with artificial valves \[[@cit0005], [@cit0006]\]. The second criterion mentioned above is that the lead is usually removed by simple traction by this time, and after more than 1 year, due to the healing and ingrowing process, it is often necessary to use more complex equipment to perform transvenous lead extraction (TLE) \[[@cit0007]\].

Early complications {#sec4}
===================

Complications related to improper location of leads and lead dislodgement {#sec4.1}
-------------------------------------------------------------------------

Within the early complications, a large group is associated with improper location of the leads, which may be initially incorrect or may be a consequence of an unintentional translocation during the postoperative period. Inadvertent implantation of the leads to the left chambers of the heart is very rare (\< 1% procedures) \[[@cit0008]\]. There have been reports of unplanned left atrial or left ventricular implantation as a result of the lead passing through the patent foramen ovale or atrial/interventricular septal defect \[[@cit0004], [@cit0009]\] ([Figures 1 A](#f0001){ref-type="fig"}, [B](#f0001){ref-type="fig"}). Another reason may be the insertion of the lead directly into the left ventricle or aorta through the arterial system \[[@cit0010]--[@cit0012]\]. The position of the leads in the wide range of arterial systems may lead to serious consequences for the patient, who is exposed to thromboembolic events such as systemic embolism or stroke \[[@cit0009], [@cit0012], [@cit0013]\]. Due to the high probability of these complications and their severity, these patients are the most likely to be qualified for TLE \[[@cit0013], [@cit0014]\]. In cases where this is not possible for whatever reason, chronic anticoagulant therapy should be implemented \[[@cit0010], [@cit0014]\]. However, the key to preventing such complications is the early detection of improper locations of the leads by fluoroscopy and ECG tracing during the procedure or classic X-ray picture of the chest and echocardiography after the procedure \[[@cit0015]\]. Other possible improper locations include the superior vena cava, inferior vena cava, right ventricle (for the atrial electrode), coronary sinus or pulmonary trunk. This position of the leads may be a consequence of dislodgement in the postoperative period or initially improper implantation. The effect may, but not necessarily, be a functional disturbance such as an increase in the pacing threshold, lead impedance changes, ineffective pacing, improper pacing for a given lead cavity, or impaired alertness due to low signal voltages \[[@cit0016], [@cit0017]\]. Under favorable circumstances, dislodgement may remain asymptomatic or nearly asymptomatic, resulting only in non-optimal sensing or stimulation parameters apart from improper lead location \[[@cit0015]\]. An example is the unintentional implantation of the right ventricular lead through the coronary sinus to the venous system of the heart \[[@cit0018]\]. In this way, effective left ventricular pacing is achieved from the direction of the epicardium, a situation similar to the one present in resynchronisation systems. However, the classic ventricular lead used for this purpose differs in physical properties, primarily the thickness and hence the rigidity of dedicated left-hand leads. This may threaten the perforation of the venous system with subsequent massive pericardial bleeding. The embedding of the lead into the thin-walled vein may also significantly hinder the attempt to remove such a system in the future. This type of complication usually remains asymptomatic, and diagnosis can be made by imaging studies such as echocardiography or chest X-ray, and primarily by a routine 12-lead ECG. In this situation, the morphology of the paced QRS satisfies the criteria for effective left ventricular stimulation: it is similar to a right bundle branch block (RBBB) in the precordial leads, with the dominant R wave in the V1 lead \[[@cit0019]\], but sometimes, if the lead is deep in the coronary sinus, near the apex, the ECG looks like the right ventricular pacing (LBBB).

![**A** -- Mistaken implantation of the lead through the patent foramen ovale to the left ventricle, **B** -- implantation of the lead to the left ventricle by the interventricular septum](PWKI-14-32240-g001){#f0001}

Another cause of incorrect location of the lead may be its dislodgement. According to the literature and our own experience, the incidence of such complications ranges from 1.9% to 3.7% \[[@cit0008], [@cit0020], [@cit0021]\]. Over many years, the leads used a passive fixation system, most often attached to the surrounding heart structures using dedicated insets, usually in the form of tendons. Such a lead construction allowed it to be fixed without the need for penetration into the myocardium, which theoretically reduced the chance of perforation of the heart cavity. However, the consequence of this solution is the possibility of losing the anchor of the lead in a moving organ such as the heart, thus creating the possibility of its displacement. This was especially the case in the early postoperative period, before the lead was attached to the endocardium, and the most affected by complications were atrial leads, due to the lack of rich trabeculation in the region of the right atrium. Widespread use of leads with an active fixation method has led to a significant decrease in dislodgement of the leads \[[@cit0022]\]. This complication usually needs surgical reintervention and reposition of the lead, but there are reported cases of successful percutaneous lead repositioning \[[@cit0023]\]. The percutaneous approach can be used for removal of broken parts of leads or guidewires \[[@cit0024]\].

Early perforation {#sec4.2}
-----------------

Another early complication caused by improper location of the lead may be early perforation. This complication occurs in about 1.2% (0.07% per year) of procedures \[[@cit0008], [@cit0020]\]. It is a consequence of the dislocation or maneuvering of the lead (especially the ICD) at the implantation stage \[[@cit0022]\], but it also occurs as a complication of the use of transvenous temporary pacing \[[@cit0025]\] and its risk increases significantly with systemic steroid use, which significantly weakens the endurance of the myocardium \[[@cit0026], [@cit0027]\]. Other risk factors for perforation include female gender, low body mass index (BMI), advanced age, anticoagulant therapy, and active lead fixation \[[@cit0028], [@cit0029]\]. Perforation of the free atrial or ventricular wall can lead to bleeding into the pericardium. In less severe cases bleeding tends to be self-limiting; in more severe cases it can lead to cardiac tamponade requiring pericardial drainage, blood transfusions, and sometimes even cardiac surgery \[[@cit0025]\].

Hematoma of the generator pocket {#sec4.3}
--------------------------------

A hematoma of the generator pocket is one of the more common complications, observed in 1.4--3.2% patients (0.4% per year) after implantation or pacemaker replacement \[[@cit0008], [@cit0020], [@cit0021]\]. Clinically, it may appear very different -- from the small sizes of bloody infarcts, highlighting the edges of the pocket through the palpable outlines of the device to massive tumors located in the vicinity of the pocket, accompanied by an infarct occupying a large part of the chest, or even the entire body, which leads to a significant decline in the morphotic parameters of the blood, often requiring immediate intervention, including transfusion of blood products \[[@cit0030]\] ([Figure 2](#f0002){ref-type="fig"}). Patients usually complain about the pain of this area and the feeling of spreading. This complication may arise due to incomplete hemostasis or coagulation disorders, congenital or much more often iatrogenic, as a result of anticoagulation or antiplatelet treatment \[[@cit0031], [@cit0032]\]. Of great importance in the prevention of this type of complication was the introduction of drugs from the novel oral anticoagulant (NOAC) group and the release of ESC guidelines which sanctioned uniformly carrying out anticoagulation treatment during the peri-implantation period, with a recommendation limiting bridging therapy to patients with prosthetic valves \[[@cit0033]\]. Thus, it significantly reduced the need for bridging therapy using low molecular weight heparins, which are considered risk factors for hematomas \[[@cit0029]\]. This is important due to the fact that the hematoma is one of the strongest risk factors of infectious complications in the long term \[[@cit0034]\].

![Extensive hematoma after implantation of pacing system](PWKI-14-32240-g002){#f0002}

Pneumothorax and pleural hematoma {#sec4.4}
---------------------------------

Pneumothorax is most often a consequence of an attempt at venous access by puncture of the subclavian vein or its preparation, which results from its anatomically close location to the pleura \[[@cit0035]\]. Usually it is situated on the same side as the punctured vein, but there is also possible contralateral localization \[[@cit0036]\]. The incidence of this complication is estimated at 1.9% (0.3% per year) \[[@cit0008], [@cit0020]\]. Clinical manifestations of pneumothorax may vary considerably -- from the absence of symptoms to circulatory and respiratory insufficiency. Factors conducive to the development of such complications are CRT \[[@cit0026]\] or DDD implantation, chronic obstructive pulmonary disease, female sex and advanced age \[[@cit0037]\]. The best way to prevent this type of complication is to use venesection instead of a puncture of the vein. According to recent reports, e.g. Hadjis *et al.* \[[@cit0038]\], it is possible to implant CRT devices using the cephalic vein approach.

Pleural hematoma after implantation of the pacing system is described very rarely and may be due to perforation of the heart cavity \[[@cit0039]\].

Early dysfunction of the lead {#sec4.5}
-----------------------------

Early dysfunction of the lead may be caused by an exit or entry block or a microdislodgement of the lead. The exit block is associated with an increase in the pacing threshold with a simultaneous moderate increase in lead resistance, which may lead to ineffective pacing \[[@cit0040], [@cit0041]\]. This phenomenon is very rare nowadays (\< 0.1%) \[[@cit0008]\]. Entry block manifests itself as a decrease in the amplitude of the intracardiac potential, which may be accompanied by an increase in the threshold of pacing, usually without change in resistance. In both cases there is no dislocation of the lead and the cause is endocardial fibrosis in the lead tip region \[[@cit0040], [@cit0042]\]. Frequently a change of pacemaker parameters observed soon after implantation is a result of microdislodgement. In this situation failure to pace or sense is a consequence of minor movement of the lead tip \[[@cit0043]\]. Another reason for transient change pacing parameters is tissue injury associated with the operation. Also anti-arrhythmic drugs (propafenone), as well as systemic events such as anemia or electrolyte disturbances, especially hyperkalemia, can increase the pacing threshold, rendering the heart tissue unexcitable in extreme situations. Myocardial ischemia can cause the same effect. A heart attack involving the area directly adjacent to the lead can lead to permanent loss of pacing due to scar formation there. Electrical cardioversion can cause the same effect \[[@cit0041]\]. The difference between these states, however, is that in the case of a typical exit or entry block, progressive scarring around the tip of the lead is a response to the irritating effect of pacing pulses and is usually permanent and progressive. Commonly used for preventing this complication are steroid-releasing leads that should inhibit the inflammatory process in the apical region of the lead, and thus also the development of connective tissue in this area \[[@cit0040]\].

Venous thrombosis {#sec4.6}
-----------------

Early venous thrombosis occurs in about 0.7% cases of implantation \[[@cit0008]\] and may be symptomatic or asymptomatic. Trauma caused by implantation of the pacing system, turbulent and slowed blood flow, and the irritating effect of the leads on the endothelium of the vein may cause a blood clot which results in impaired blood outflow from a particular area \[[@cit0040], [@cit0042]\]. Depending on the location of thrombosis and the individual variability of the venous system, the symptoms, mainly in the form of pain and edema, may affect the upper limb on the side of the implanted device, but also the neck and face, and sometimes they may lead to the development of superior vena cava syndrome, with stagnation and congestion throughout the upper half of the body. Symptoms are sometimes poorly expressed or transient \[[@cit0044]\]. This may be a consequence of partial or complete recanalization or the development of hemodynamically effective collateral circulation, even if the organizing thrombus leads to permanent venous occlusion. Due to the generally poorly expressed symptoms of thrombosis, its diagnosis in the early postoperative period is quite rare. However, the recognized thrombosis is treated with anti-coagulant drugs, most commonly low molecular weight heparins, which will lead to the dissolution of the thrombus and finally to the restoration of venous system patency \[[@cit0044]\]. In addition to the cessation of symptoms, this may be significant in the future if leads are to be removed or the pacing system is expanded.

Early and late infections {#sec5}
=========================

Local pocket infections and lead-related infective endocarditis (LRIE) {#sec5.1}
----------------------------------------------------------------------

The presence of a pacing system, as with any other type of implant, is associated with an increased risk of developing infectious complications. The overall incidence of cardiac device infections (CDI) ranged from 0.5% to 2.2% of patients \[[@cit0045]\]. These complications may be related to clinical factors (renal failure, diabetes mellitus, immunosuppression, steroid therapy, hematoma of the generator pocket, male gender) \[[@cit0040], [@cit0044]--[@cit0046]\] but also the type and complexity of the system (ICD, CRT-D/P, presence of inactive leads, and procedural factors such as type of procedure, generator replacement, number of leads, loops of the leads, intracardiac lead abrasion and fever up to 24 h prior to surgery, temporal transvenous pacing, surgical asepsis, a lack of antibiotic perioperative prophylaxis and reintervention -- especially early replacement of equipment and operator experience \[[@cit0006], [@cit0040], [@cit0046], [@cit0047]\]. It is very important to prevent the development of infection including pre-operative systemic antimicrobial prophylaxis one hour prior to skin incision, surgical skin antisepsis and compliance with the discipline of the operating room. The antibiotic used for prophylaxis should have activity against the most common causative microorganism. The best evidence of benefit comes from a trial using cefazolin as the active agent, but trials of prophylaxis in cardiac device infections have not taken into account the long incubation period of many CDI and further randomized trials may be needed to determine the optimal agents \[[@cit0045], [@cit0048]\]. In addition to systemic antibiotic prophylaxis, studies on the local use of antibacterial envelopes are ongoing. A current meta-analysis of five cohort studies demonstrated a significant beneficial effect of the TYRX antibiotic envelope (releasing minocycline and rifampin) for the prevention of CDI \[[@cit0049]\]. In turn, the results of a retrospective study evaluating the efficacy of the AIGISRx envelope, also releasing minocycline and rifampin, showed a higher rate of CDI in patients with this envelope \[[@cit0050]\]. The results of the Worldwide Randomized Antibiotic EnveloPe Infection PrevenTion Trial (WRAP-IT) are expected \[[@cit0051]\]. Another factor considered to contribute to the risk of infectious complications is operator experience. The analysis of previous studies has not confirmed the impact of the operator's experience on CDI development, but some studies demonstrated a higher overall complications rate in low volume centers \[[@cit0045], [@cit0052]\].

The most frequent pathogens are *Staphylococcus epidermidis* and *Staphylococcus aureus* \[[@cit0053], [@cit0054]\]. The pathogen may infect the pacing system already during implantation, and also during subsequent manipulation, through skin penetration of its constituents or via the bloodstream associated with passing bacteremia. The severity of symptoms depends on the virulence of the pathogen and the efficiency of the immune system of the patient. Local early infection of the pocket is manifested by the lack of healing of the wound, shedding of the edges of the wound, redness, excessive warmth or pain, the presence of purulent discharge or swelling of the pocket area. Sometimes, it leads to complete or partial emergence of the device. In the past, a popular form of therapy was local surgical treatment of the pocket, when all elements of the pacing system were left in the patient's body, which led to the suppression of the inflammatory process and a delay in proper management -- transvenous lead extraction \[[@cit0003], [@cit0006]\].

Lead-related infective endocarditis can be created by the spread of infection by the continuity of the pocket along the course of the leads or it can originally occupy the leads and endocardium (blood infection). The clinical manifestation is less pronounced than with left-sided endocarditis. Symptoms can include recurrent sweats, weight loss, fever and subfeverish states of unknown origin, which are signs of repeated or chronic bacteremia, while cough, recurrent pneumonia, and dyspnea result from pulmonary embolism of bacterial material from the right heart \[[@cit0003], [@cit0006], [@cit0046], [@cit0047], [@cit0055]\]. In this group of patients it is harder to fulfill the classic Duke criteria necessary for the diagnosis of infective endocarditis, which is the reason for their suggested modification for LRIE and joining the major criteria for local pocket infection and septic pulmonary embolism \[[@cit0055]--[@cit0057]\]. Clinical practice often shows negative blood cultures as a result of empirically managed outpatient antibiotic therapy. The basic imaging technique in the diagnosis of LRIE is echocardiography, especially transesophageal echocardiography (TEE), due to better visualization of the leads (the proximal section of the superior vena cava), and also the possibility of a more accurate assessment of vegetations and the tricuspid valve \[[@cit0006], [@cit0055], [@cit0057]\]. In the case of a negative result of the transthoracic echocardiography (TTE) and TEE of a positive blood culture and continued suspicion of LRIE, intracardiac echocardiography and PET/CT using 18F-DG or radiolabeled leukocytes may be considered \[[@cit0006]\].

Endocarditis is a form of septic condition with all its possible consequences. In the case of LRIE, the presence of an implant in the form of a pacing system makes the appropriately isolated antibiotic treatment unsuitable. In this situation, whether the infection involves the endocardium, the pocket, or both, it is necessary to remove the entire implanted system. The treatments are usually performed by the transvenous method, currently even in the case of a large vegetation connected with leads \[[@cit0003], [@cit0006]\]. Treatment supplements are antibiotics empirically effective against staphylococci (vancomycin, daptomycin). The recommended duration of use for LRIE is 4--6 weeks, including at least 2 weeks after removal, and should be extended to 4 weeks with positive blood cultures \> 24 h after TLE. In the case of an isolated pocket infection the time of antibiotic therapy used is shorter (14 days) \[[@cit0006]\]. The problem is the unambiguous demarcation between the infection limited to the pocket and LRIE. The cultures obtained from the lead during TLE, although recommended, may have no differentiating power due to the possibility of their contamination during treatment while passing through the pocket.

Late complications {#sec6}
==================

Decubitus of pocket and threatening decubitus {#sec6.1}
---------------------------------------------

Pocket decubitus is most often produced by the superficial location of the generator. Predisposing factors are advanced age, external irritants and insufficient adipose tissue. Shallow location of the unit due to chronic skin irritations and the pressure exerted on it may lead to necrosis of the skin \[[@cit0058]\]. Until the moment the skin is tight and immovable, we recognize threatening decubitus ([Figures 3 A](#f0003){ref-type="fig"}, [B](#f0003){ref-type="fig"}). The appearance of epidermal defects is associated with the diagnosis of decubitus, which is identical to infection of the pocket, because it is colonized by dermal bacterial flora ([Figures 3 C](#f0003){ref-type="fig"}, [D](#f0003){ref-type="fig"}). In the case of threatening decubitus the creation of a new pocket of the device in the deeper layers of the tissue, on the pectoralis major or below it, is recommended. Decubitus should be treated as a local infection of the pocket \[[@cit0058]\].

![**A, B** -- Threatening decubitus of the pocket, **C, D** -- recurrent/chronic decubitus (pocket infection)](PWKI-14-32240-g003){#f0003}

Late perforation {#sec6.2}
----------------

Late perforations are defined as occurring over a month after lead implantation \[[@cit0003], [@cit0058]\]. Their actual incidence is difficult to estimate, and ranges from 1% to 14% of all late complications \[[@cit0003], [@cit0015]\]. Late perforations are asymptomatic or symptomatic, and often irregularities affect only electrical parameters, although they are often found to be normal despite obvious perforations in imaging studies \[[@cit0003]\]. Patients' stated symptoms are often uncharacteristic, including chest pain, usually of a stabbing nature, periodic lack of breath, or involuntary muscle spasms within the chest, hiccups, dizziness, weakness or recurrent fainting \[[@cit0003], [@cit0059]\]. Late perforations are the result of excessive stress on the lead, which, during any heart contraction, exerts its pressure on the muscle in a spear-like mechanism, which ultimately leads to the penetration of the lead by the heart muscle into the pericardium, neighboring heart chambers or surrounding structures. Factors that increase the risk of perforation include atrial leads, active fixated leads \[[@cit0058]\], defibrillation leads and leads implanted in the right ventricle, as well as female gender, advanced age and low BMI \< 20 kg/m^2^ \[[@cit0003]\]. No symptoms or low severity are due to the fact that most often they are microperforations, connected with penetration of only the tip of the lead beyond the contour of the heart. At the same time these are so-called dry perforations without the presence of fluid or with the form of a lens of fluid located near the tip of the lead ([Figure 4](#f0004){ref-type="fig"}). This is a consequence of the chronic nature of the complication and the presence of pericardial fatty tissue, which is capable of sealing the heart wall by overgrowing the tip of the lead \[[@cit0003]\]. Demonstrating lead dysfunction by changing electrical parameters is required for a diagnosis to be made. In the classical situation, the intra-ventricular voltage drops, the pacing thresholds rise, and the resistance of the lead may both increase and decrease in the long term \[[@cit0003], [@cit0059]\]. The variable image of parameters results from the different nature of the tissue with which the electrode may come into contact -- fat tissue, which has high resistance, or fluid, which is a good conductor. Confirmation of perforation can be demonstrated by means of echocardiography of the tip of the pericardium or even outside of the pericardium, although computed tomography (CT) is considered the gold standard \[[@cit0003], [@cit0058]\]. Management of such cases is not explicitly determined and needs to be updated in the light of the new research findings. The 2009 HRS guidelines do not recommend TLE for atypical lead locations \[[@cit0004]\]. Clinical practice shows, however, that TLE is probably an effective and safe method of treatment. According to analysis of a large database (1536 patients undergoing TLE in the years 2006--2013 by A. Kutarski), among 211 patients with late perforations, procedural major complications related to perforations were observed in 3 (1.4%) patients (data unpublished).

![Dry perforation by the lead with the lens of fluid](PWKI-14-32240-g004){#f0004}

Late-recognized lead dislodgement. Late-identified incorrect lead location {#sec6.3}
--------------------------------------------------------------------------

Both types of complications are a consequence of prior dislocation or initially improper implantation of the lead. The early detection of these abnormalities is possible based on ECG tracing and should be confirmed by imaging tests (RTG, fluoroscopy, echocardiography). However, in spite of the improper location of the lead, it is sometimes possible to provide effective pacing with its accepted parameters (usually an increase in the pacing threshold and a decrease in intracardiac potentials), which may lead to a lack of recognition of these complications for a long time. Only imaging studies, often performed for other reasons, indicate the improper location of the leads. Rules of the procedure are similar to those of early complications of this type, taking into account the time that has elapsed since implantation.

Lead migration {#sec6.4}
--------------

Lead migration is most often a consequence of loosening the strap that secures the lead or its originally insufficient anchorage \[[@cit0003]\]. This can result in excessive mobility and lead to the displacement of the excess lead or abandoned lead from the pocket to the heart chambers and loop formation within the atrium or ventricle, and sometimes even in the region of the pulmonary trunk ([Figure 5](#f0005){ref-type="fig"}) \[[@cit0060], [@cit0061]\]. This can also lead to the loss of insulation or conduction by the rubbing of fragments of loops against each other or the rubbing of loops against neighboring heart structures \[[@cit0003]\]. As a consequence, pacing and sensing disorders are frequently encountered, and in the case of defibrillation leads inadequate ICD discharges are encountered in response to alleged ventricular tachyarrhythmias resulting from the cracking of the insulation and friction of the leads. Damaged leads, especially their sheaths, can also be the starting point for LRIE development. The damaged casing reveals thrombogenic material, and provides the bacteria with a conducive microenvironment, not only rich in nutrients, but also isolated from the patient's immune system and even protected against systemic antibiotics \[[@cit0003]\].

![Loops of the leads](PWKI-14-32240-g005){#f0005}

Another possible effect of lead loops is their irritating effect on the cardiac structures, which may provoke arrhythmias, including ventricular ones, sometimes in their more severe forms (VT or VF) \[[@cit0003]\]. Loose lead loops can also grow onto the endocardium, which significantly impairs their elimination. Lead growth into structures such as chordae tendineae and tricuspid valve muscles may lead to a change in the geometry of the subvalvular apparatus and the development of lead-dependent tricuspid dysfunction (LDTD) \[[@cit0003], [@cit0062]\]. Another mechanism of LDTD is the mechanical opening of the leaflets by the loop of the lead, which may prevent their proper coaptation \[[@cit0063]\].

Another example of a complication in which we observe lead migration is pacemaker twist (twiddler's syndrome or reel syndrome), which is an expression of the excessive mobility of the unit within the pocket. Such situations can occur in the case of a bulky pocket, as well as in pathologically obese patients or patients with advanced cognitive disorders. The complication arises due to the rotation of the unit within the pocket, which leads to multiple turns of the leads along their long axis (twiddler's syndrome) or transverse axis (reel syndrome) so that they resemble a spring as a consequence. Twiddler's syndrome occurs later than reel syndrome (within a year after implantation) and is associated with worse complications than reel syndrome. Numerous stress points can lead to physical damage to the lead, abrasion and breakage of the conductor or displacement of the generator, and consequently to disturbances in the pacing. Reel syndrome develops earlier -- within a month after implantation, and does not cause damage of the lead \[[@cit0041], [@cit0058], [@cit0064], [@cit0065]\].

Lead fractures {#sec6.5}
--------------

Lead fractures in distal observation are reported in 2.8% of cases \[[@cit0059]\]. Physical damage to the leads in their course through the venous system and consequently dysfunction can occur through a variety of mechanisms. The outer sheath, acting as insulation, the metal conductor of the lead core, or both at the same time can be destroyed. A broken conductor is the most common cause of lead dysfunction necessitating TLE \[[@cit0003]\]. Isolated insulation damage usually results from rubbing leads, their fragments or friction of the lead with surrounding cardiac structures, and may also be the result of a too-tight gauze clamp \[[@cit0003]\]. The consequence is the "escape" of the current from the system, which can manifest as a sharp decrease in lead resistance, increased pacing thresholds, ineffective pacing, or premature battery exhaustion. There is also hyper-sensitivity of the device associated with the occurrence of artefacts in the form of cracks resulting from friction of the conductors themselves or other structures of the heart \[[@cit0037], [@cit0038]\]. In the case of high-energy systems, this may result in inadequate discharges due to VT/VF malfunction due to "cracks" in the ventricular channel and, in the case of PM, may lead to inhibition of pacing. Damaged cushions may also be LRIE's starting point \[[@cit0003]\]. In turn, damage to the conductor leads to a rapid increase in resistance, often preceded by fluctuations, which results in a decrease in the amount of energy delivered to the tissues and often results in a lack of response to the pacing impulse. At the same time the voltages of the intracardiac potentials decrease, which may result in the device being under-sensitive. In addition, the breaking wire can be a source of artefacts with all the possible consequences mentioned above (inadequate ICD discharge, inhibition of pacing) \[[@cit0003], [@cit0037], [@cit0038]\].

A classic example of lead fracture is the crushing syndrome. It occurs in the space between the clavicle and the first rib as a consequence of the too medial puncturing of the subclavian vein \[[@cit0038]\]. Due to the anatomical proximity of these structures, the conductor can be crushed and destroyed (both the conductor and isolation). In order to avoid this complication, a more lateral puncture of the subclavian vein should be done, or alternatively, insertion of the leads by the cephalic vein can be performed \[[@cit0066]\].

Chronic venous occlusion {#sec6.6}
------------------------

Although chronic venous insufficiency and acute venous thrombosis may be similar in terms of clinical symptoms, these two states must be distinguished from each other due to the varied nature of the underlying lesions. The estimated incidence of chronic venous occlusion ranges from 20% to as high as 75% \[[@cit0003], [@cit0067]\]. Acute thrombosis can, but does not necessarily, lead to chronic occlusion. Venous occlusion is caused by an inflammatory response to the presence of leads or their implantation \[[@cit0003], [@cit0067]\]. The presence of the lead itself slows blood flow and irritates the vein walls because of its natural mobility in all planes. Consequently, there is a tissue reaction that eventually leads to significant narrowing or loss of patency. The particularly exposed place is the division of vessels. The identified factors contributing to the development of occlusion are the number of previous treatments, the development of the pacing system, the number of leads and the sum of their size \[[@cit0003], [@cit0040], [@cit0066]\]. Chronic venous occlusion may produce symptoms similar to acute thrombosis, assuming a gradual build-up of thrombosis. Even asymptomatic obstruction can be a problem if one needs to perform dialysis fistulae, vascular ports, a central line, an extension of system, replacement of leads or TLE procedures with different indications. Because of the nature of the lesions that are of connective tissue, pharmacodynamic effects, including those of anticoagulants, should not be expected. In case of a need to regain vascular access, already implanted leads should be used, which after the introduction of the guidewire can lead to the introduction of new leads or the treatment of a stenting vein.

Lead-dependent tricuspid dysfunction (LDTD) {#sec6.7}
-------------------------------------------

Implantation of the pacing systems may lead to the appearance or worsening of pre-existing tricuspid regurgitation. It is twice as common in patients with implanted devices as in the general population. Significant deterioration of the function of the tricuspid valve after implantation is observed in 7.2--39% of patients \[[@cit0068], [@cit0069]\]. The most common cause of LDTD is the presence of a lead or leads passing through the annulus of the valve deliberately as in the case of ventricular leads or unintended leads as with dislocated atrial leads or additional lead loops, as discussed in detail in the section on migration of leads. The chance for significant tricuspid dysfunction to develop increases with the number of leads, including abandoned ones, or their loops passing through the valve \[[@cit0040], [@cit0063], [@cit0068]\]. The mechanism itself in which regurgitation occurs may vary. The most obvious is to support the leaflet using the lead, eventually leading to the fusion of the leaflets to the lead. Another mechanism is through the presence of a loop-caused problem with coaptation of the leaflets. Also, the interaction between the lead and the subvalvular apparatus may prevent it from closing. The ingrowing of the chordae tendineae or papillary muscle to the lead results in limitation of its mobility and ultimately impairs the tightness of the right venous outlet. Regurgitation due to mechanical damage to the valve or subvalvular apparatus is varied in nature, and can lead to rupture of the leaflet, perforation, or a break in the chordae tendineae. Finally, the mechanism of the expansion of the valve annulus itself must be mentioned \[[@cit0068]\]. As long as the LDTD is a consequence of mobility disorders of the leaflets without damaging them, the chance of improving the function of the valve after removal of the lead is high, yet mechanical damage to the valve causes that after the lead is removed the regurgitation will not disappear and may even intensify. To improve the function of the valve, it is advisable to remove the lead by the transvenous method with careful dissolution of all points of contact between the lead and the surrounding tissue in such a way that the treatment itself does not contribute to its destruction. Otherwise, cardiac surgery may be necessary with either repair or replacement of the valve \[[@cit0068]\]. The LDTD prevention depends on such a course of the lead through the valve that it does not support any of the lobes and runs optimally around the annulus through the spoil \[[@cit0068]\].

Conclusions {#sec7}
===========

Optimal treatment of patients with electrotherapy complications requires proper diagnosis. First and foremost, it is important to remember that complications, especially late ones, are becoming more and more frequent due to the increasing population of people with many years of pacing systems. Apart from the local evaluation of the pacemaker pocket and the control of the device parameters (sometimes also observation of their long-term trends may be necessary), imaging studies play an important role in determining the nature of the complications and the potential for dealing with them. In the case of chronic complications of electrotherapy the basis of their treatment is transvenous lead extraction, whose role and safety in these indications have been confirmed.
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